We consider the cosmological constraints on supersymmetric theories with a new, stable particle. Circumstantial evidence points to a neutral gauge/Higgs fermion as the best candidate for this particle, and we derive bounds on the parameters in the Lagrangian which govern its mass and couplings. One favored possibility is that the lightest neutral supersymmetric particle is predominantly a photino 7 with mass above % GeV, while another is that the lightest neutral supersymmetric particle is a Higgs fermion with mass above 5 GeV or less than O(lOG)eV.
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We also point out that a gravitino mass of 10 to 100 GeV implies that the temperature after completion of an inflationary phase cannot be above (For a review of this subject, see Ref. C21 .)
The essential feature of supersymmetric theories which makes them amenable to cosmological study is that in many models of the new particles is absolutely stable.
By "new," we mean the superpartners of any ordinary particles: gauge fermions (gluino, photino, wino, etc.), Higgs fermions (shigges or higgsinos), scalar quarks and leptons (squarks and sleptons), and the gravitino. In the very early universe, all these particles would be present in thermal equilibrium. As the temperature falls, the heavier new particles decay into the lighter ones.
Eventually, only the lightest supersymmetric particle (LSP) will be left.
It can disappear only by pair annihilation. We must require that this pair annihilation is efficient enough to reduce the present day number density of the LSP to an acceptable level.
In this paper we give a detailed analysis of this question for the class of models which we favor: a minimal sypersymmetric extension of the standard model, with supersymmetry broken via gravitational couplings to spontaneously broken supergravity c31.
This results in mass terms for the new particles and cubic scalar couplings which violate supersymmetry CGI. The mass scale which enters is the gravitino mass m312, which we take to be O(10 to 100) GeV. Some relations among the masses of the new particles can be obtained by assuming that this theory is the low energy sector of a supersymmetric grand unified theory 151. We will make this assumption where necessary but many of our considerations are more general than the specific supersymmetric model which we emphasize.
In Section II we discuss each of the new particles, and whether or not it could be the LSP. We conclude that by far the best candidate for the LSP is a neutral gauge/Higgs fermion (in general, these particles mix so that mass eigenstates contain both gauge fermion and Higgs fermion components).
In Section 111 we present a detailed analysis of the annihilation rates of such such particles so as to provide bounds on the parameters in the Lagrangian. Some preliminary results of this analysis have already been given in Ref. 161 . One favoured possibility is that the LSP is mostly a photino, and has a mass 2 O&)GeV. Alternatively, the LSP may be mostly a shiggs which either has mass 2 mb or mt, or else weighs less than O(lOO)eV. The simplest models with such a light shiggs also contain a light axion which would need to be exorcised in a completely realistic model.
WHICH IS THE LSP?
Many LSP candidates can be ruled out immediately by simple arguments.
Let us consider each new particle in turn, and whether or not it could be the LSP. where M is the mass of the charged particle, and nB is the baryon number density today. These particles would be well mixed with ordinary matter; their electromagnetic interactions ensure that there is no way for them to separate from the matter which forms galaxies, stars, and planets.
In at a temperature T R, the temperature of the universe once it reheated after inflation. p is to be compared withtheHubble parameter at that time H * fi T;/, (2.5) in order to get a relative gravitino abundance
Subsequent to the establishment of this primordial abundance, the photons in the microwave background reheated as the N degrees of freedom present at TR annihilated. So, long after TR but just before gravitino decay, the relative number density of gravitinos was depressed to
Each of these gravitinos yields an LSP as it decays and these LSPs would still be around today.
In order that they not dominate the mass of the universe, we must require (see also ref. . ' The follows from the plausible assumption that a non-relativistic susy fermion would participate in galaxy formation, in which case the limits on "dark matter" in galaxies C21l allow one to deduce that p x s 2 x 1o-3o (Oh:) gm/cm3.
We will present our cosmological bounds on the susy parameters M2 and E and the susy particle masses for both the conservative constraint P I2XlO -29 X gm/cm3 from the observed expansion rate of the universe, The present number density is obtained by integrating where (TX/Ty)3 accounts for the subsequent reheating of the photon temperature with respect to the temperature of x, due to the annihilation of particles withm< xfmX, and is tabulated C243together with NF in Table 1 .
The fudge factor 0.8 is included to correct for the fact c22l that the analytic approximation (3.19,20) to the full rate equation Results obtained using this formula are discussed in the next section.
Results
We have completed a numerical study of the two-dimensional space of parameters M2,~ in order to distinguish the cosmologically allowed and disallowed domains.
The following algorithm was used:
1) M2 and E are selected and the physical mass eigenstates (3.9) and eigenmasses are obtained by diagonalizing the matrix (3.6).
2) The coefficients Af and Bf in the effective Lagrangian (3.14)
for the lightest mass eigenstate x are computed from equations (3.15).
3) The coefficients G and c in the annihilation cross-section (3.17) are calculated.
4) The scaled freeze-out temperature x is determined iteratively f using (3.22b), with NF being updated using Table 1 "ii = 4os ";r = 100 GeV (corresponding to three classes of models described L in EHNT') when v1 = 4v2 are shown respectively in a, b, c of figs. 7 and 8 for E > 0 and E < 0 respectively. We observe that the effect of changing the sfennion mass hierarchy in rather negligible, except for a slight increase in the photino mass limit with heavier squark masses (due to a suppression of the photino annihilation into light quarks 
